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© Filtering apparatus for removing combustible 
particles from a gas, e.g. carbon and hydrocarbon 
particles from the exhaust gases of a diesel engine, 
comprises at least one filter element 23 which is 
made of fibrous material and is electrically conduc- 
tive. To remove trapped particles from the filter 
element 23 and thereby regenerate the filter ele- 
ment, electrical power is supplied to the filter ele- 
ment to heat it to the point at which the carbon and 
hydrocarbon particles combust. 
^ One or a plurality of such filter elements 23 may 
be provided in a housing 20 in the exhaust gas 
system of a diesel engine with the filter elements 
O exposed in parallel to exhaust gases. For regenera- 
tion, all filter elements may be simultaneously regen- 
^erated while exhaust gases are either exhausted 
CNI direct to the air or through a similar filtering appara- 
tus. Alternatively the filter elements may be regener- 
ated sequentially so that at least some of the filter 
^elements are always effective as filters. During re- 
generation exhaust gases are substantially excluded 
from a filter element undergoing regeneration and 



this may be effected by preventing flow of the ex- 
haust gases to the filter element while it is being 
regenerated or by increasing the pressure down- 
stream of the filter element to prevent exhaust gases 
flowing through the filter element. 

Each filter element 23 is preferably annular and 
arranged so that exhaust gases flow through the wall 
in a radially inward direction. 



<r^ ! Fig. I. 
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Improvements in and relating to the removal of particulate material from a gas 



The present invention relates to apparatus for 
the removal of particulate material from a gas, 
particularly combustible particulate material, for ex- 
ample carbon and hydrocarbon particles from the 
exhaust gas of a diesel engine- 
There is increasing interest in the efficient and 
effective limitation of emission of particulate ma- 
terial, generally carbon and hydrocarbon particles, 
from the exhaust gases of diesel engines and de- 
vices have been proposed for this purpose which 
generally comprise a filter mounted in the diesel 
engine exhaust system and in which the carbon 
particles are trapped. However, presently proposed 
filters become blocked very rapidly so that it Is 
necessary to intermittently remove the carbon par- 
ticles from the filter during operation of the diesel 
engine. It has been proposed to effect this by 
intermittently heating up gases entering the filter to 
a temperature at which the carbon particles will 
combust, generally by providing a heat source up- 
stream of the filter which is activated intermittently. 

According to the present invention, there is 
provided apparatus for removing combustible par- 
ticles from a first gas comprising a housing through 
which the first gas is caused to flow and having an 
inlet for gas and an outlet and. mounted within said 
housing, a filter element through which in use the 
first gas will flow and which is made of electrically 
conductive material, and means for connecting said 
element to an electrical power supply for heating 
said element to a temperature at which the par- 
ticles trapped thereby will combust for regeneration 
of said element 

It will be appreciated that the electrical resis- 
tance of the material of the filter element is se- 
lected relative to the power supply to enable the 
filter element to be heated to the required tempera- 
ture for combustion of the combustible particles. 

In use. when ft is required to remove the 
trapped particles from the filter element power is 
supplied to the filter element to heat it to the 
required temperature. With such an arrangement 
because the combustible particles are heated di- 
rectly by the filter element, rather than as pre- 
viously proposed indirectly by heating gas flowing 
through the filter, less power is required to cause 
combustion of the particles. 

Preferably means are provided for substantially 
reducing the flow of the first gas through the filter 
element when it is connected to the power supply 
to minimise cooling of the element by the first 
gases and therefore minimize losses of thermal 



energy from the element A small flow of gas, 
which may be the first gas or an auxiliary combus- 
tion supporting gas. is required but only to provide 
sufficient oxygen to support combustion. 

5 The filter element may be annular and closed 

at one end, the filter element being arranged in the 
housing so that the first gas flows substantially 
radially inwardly to the interior of the element and 
out of the open end. With such a filter element, 

to combustion supporting gas may be supplied from 
the open end to the interior of the element at a 
sufficient pressure that it prevents or substantially 
prevents flow of exhaust gases through the filter 
element. 

15 The apparatus may comprise a plurality of filter 
elements arranged In parallel for simultaneous ex- 
posure to the first gas to be filtered thereby and 
the means for connecting the elements to an elec- 
trical power supply may be arranged so that ail the 
ao elements are connected simultaneously for simulta- 
neous regeneration or so that the elements are 
connected sequentially for sequential regeneration. 

The present invention will be more fully under- 
stood from the following description of embodi- 
es ments thereof, given by way of example only, with 
reference to the accompanying drawings, in which: 
Figure 1 is a diagrammatic representation of 
part of a diesel engine exhaust system including an 
embodiment of apparatus according to the present 
30 invention: 

Rgure 2 is a section through the embodi- 
ment according to the present invention as shown 
in Rgure t; 

Rgure 3 shows diagrammatically circuitry 
35 associated with the apparatus of Rgures 1 and 2i 
Rgure 4 is a section through another em- 
bodiment of apparatus according to the present 
invention: 

Rgure 5 shows diagrammatically circuitry 
ao associated with the apparatus of Rgure 4: 

Rgure 6 is a diagrammatic representation of 
part of a diesel engine exhaust system incorporat- 
ing the embodiment of Rgure 4; and 

Rgure 7 shows diagrammatically circuitry 
45 associated with a modification of the apparatus of 
Rgure 4. 

In Rgure 1 there is shown an exhaust pipe 1 of 
a diesel engine through which exhaust gases flow 
in the direction of arrow 2. Conventionally such 
so exhaust gases would flow from the pipe 1 to the 
atmosphere, optionally through a muffler (not 
shown). As shown in Rgure 1. the exhaust pipe 1 
is provided with a branch pipe 3 including filtering 
apparatus 4 for removing particles, which are gen- 
erally carbon and hydrocarbon particles, in the 
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exhaust gases. Branch pipe 3 is provided, up- 
stream of apparatus 4, with a valve 5 and a valve 6 
is also provided in exhaust pipe 1 downstream of 
Its connection with branch pipe 3. In operation, 
these valves are alternatively opened and closed to 
permit the exhaust gases from the engine to flow 
either through exhaust pipe 1 or through exhaust 
pipe 3 and apparatus 4 as will be described here- 
after. 

It will be appreciated that valve 5 may alter- 
natively be positioned in branch pipe 3 downstream 
of apparatus 4 rather than as shown upstream. 
Additionally valves 5 and 6 may be combined in 
the form of a multiposition valve positioned at ei- 
ther the upstream or the downstream junction be- 
tween pipes 1 and 3. 

Apparatus 4. shown in more detail in Rgure 2, 
includes one or a plurality of filter elements through 
which the exhaust gases flow and which trap par- 
ticles therein. During operation of the diesel engine, 
initially valve 6 is closed and valve 5 is opened so 
that the exhaust gases flow through branch pipe 3 
and apparatus 4. Row through apparatus 4 contin- 
ues until the or each filter element becomes par- 
tially clogged with particles. This may be detected, 
as shown, by the consequential increase in the 
pressure in the inlet of apparatus 4 which may, for 
example, be sensed by a pressure detector 7. 
When the pressure detected by detector 7 reaches 
a predetermined level , valve 5 is closed and valve 
6 is opened to permit the exhaust gases to flow 
through the main exhaust pipe 1 to the atmo- 
sphere. Closing and opening of valves 5 and 6 is 
effected automatically by control means 8 to which 
the output of the pressure detector 7 is supplied. 

The or each filter element in apparatus 4 is 
made of electrically conductive material which has 
an electrical resistance such that it itself serves as 
a heater for heating up the carbon or hydrocarbon 
particles trapped therein to a temperature at which 
they will combust. The or each filter element is 
connected by switch means, to be described here- 
after, to a power supply, which may for example be 
the engine battery or alternator, the switch means 
being under the control of control means 8 so that, 
on closing of valve 5. the switch means is operated 
to supply power to the or each fitter element to 
heat it to the combustion point of the carbon or 
hydrocarbon particles for regeneration of the filter 
element. For combustion, a small supply of oxygen 
is required sufficient to support combustion and 
this may be provided by only partially closing valve 
5 when it is in its "closed" position so as to permit 
some exhaust gases to flow sufficient to support 
combustion. Alternatively an auxiliary combustion 
supporting gas, e.g. air, may be suppliSd to the or 
each filter element. As shown in Rgure 1. air is 
supplied to the inlet of apparatus 4 via a pipe 9 



provided with a valve 10 which is opened as valve 
5 is closed (and closed with opening of valve 5) 
under the control of control means 8. The supply of 
air for pipe 9 may for example be taken from the 

5 vehicle compressor or any other suitable source of 
air or oxygen. 

As soon as all or substantially all of the carbon 
and hydrocarbon particles in the or each filter have 
been burnt away, which may be indicated by a 

10 change in the pressure downstream of the element 
or elements and detected by a second pressure 
detector 7a, valve 10 is closed, valve 5 is reopened 
and valve 6 is closed by control means 8 so that 
the exhaust gases are again diverted through 

75 branch pipe 3 and filtering apparatus 4. In a modi- 
fication, the auxiliary combustion supporting gas 
may be supplied to the outlet of apparatus 4 and 
caused to flow through the or each filter element in 
the opposite direction to the direction of flow of the 

20 exhaust gases. 

In a modification of the above described sys- 
tem whereby all exhaust gases from the diesel 
engine are filtered, filtering apparatus correspond- 
ing to apparatus 4 may also be provided in the 

25 main exhaust pipe 1, the two apparatus being re- 
generated alternately. 

Furthermore, as an alternative to the use and 
provision of a pressure detector 7 to initiate and 
termination regeneration of the filters and operation 

30 of valves 5. 6 and 10. control means 8 may include 
a timing system which is used to control the valves 
and initiate and terminate regeneration. With such a 
system, the or each filter element is regenerated 
for a predetermined period of time in each set 

35 period of time in which the diesel engine is run- 
ning, the periods being determined in dependence 
on the particular circumstances of use to ensure 
that the or each filter element is adequately regen- 
erated and regenerated before it becomes too 

40 clogged with particles. 

The filtering apparatus 4 shown in Figure 1 is 
shown in greater detail in Figure 2. It comprises a 
housing 20 having an inlet 21 and an outlet 22 for 
connection in the exhaust branch pipe 3. Within the 

45 housing 2 a plurality of fitter elements 23, as shown 
three elements, are provided which elements are 
arranged in effect in parallel for simultaneous flow 
of exhaust gases therethrough. The filter elements 
are cylindrical and have annular wails, the interior 

so of each element being open at one end 24 and 
closed at the other end 25. 

A plate 26 adjacent the outlet 22 of the housing 
spans the housing and divides it into an inlet mani- 
fold or chamber 27 between plate 26 and inlet 21 

55 and an outlet manifold or chamber 28 between 
plate 26 and outlet 22. The filter elements 23 
extend within manifold 27 and the plate 26 is 
provided with apertures 29 which are aligned with 
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the open ends 24 of the filter elements 23 and 
through which the outlet manifold 28 communicates 
with the interiors of the filter elements, whose 
closed ends 25 are presented to inlet manifold 27. 

In use, exhaust gases entering inlet 21 flow into 
manifold 27 and around the outstdes of "the filter 
elements 23. then substantially radially through the 
walls of the filter elements 23 into the interiors, 
then through apertures 29 and into the outlet mani- 
fold 28. 

For connection of an electric power supply to 
the filter elements 23, each end 24,25 is provided 
with a contact plate 30,31. Contact plate 30 is 
annular and contact plate 31 also forms a closure 
for closing the end 25 of the element The contact 
plates 30 ? 31 are connected to insulated wires 33 
which are connected to terminals 34 mounted ex- 
ternally on the housing 20. 

The filter elements 23 and their contact plates 
30,31 are insulated from the housing by insulators 
35.36. Insulator 35. which is annular, is shaped to 
positively engage with contact plate 30 and to seat 
in the respective opening 29 to plate 26. Insulator 
36 which is in the form of a plate is also shaped to 
make positive engagement with contact plate 31. 
Each of the assemblies of filter element 23, contact 
plates 30.31 and insulators 35, 36 is positively 
biased into engagement with each other and with 
the plate 26 by a helical spring 37 acting between 
insulator plate 36 and a bracket 38 mounted on 
and within the housing 20. 

The elements 23 are. as shown in Figure 3. 
connected in parallel across a suitable power sup- 
ply 40, for example the engine battery or alternator, 
and the circuit includes a switch 41 which is 
opened and closed by the control means 8 as 
described above. Alternatively the elements 23 
may be connected in series with switch 41 and 
power supply 40. 

While as described above, three filter elements 
23 are provided it will be appreciated that the 
apparatus 4 may comprise one, two or more than 
three filter elements 23, the number of filter ele- 
ments provided depending on the exhaust emis- 
sions and on the size and efficiency of the or each 
element 23. 

The filtering apparatus 4 shown in Figures 1 to 
3 may be modified, as shown in Figures 4. 5 and 6 
to enable ail exhaust gases to be passed through 
it. With this modification, which will be described 
hereafter, the modified filtering apparatus 4a can. 
as shown in Figure 6 r be connected directly in the 
exhaust pipe 1 of the diesel engine, bypass 3 and 
valves 5,6 being omitted. As will be described 
hereafter, the apparatus 4a includes a plurality of 
filter elements and a combustion supporting gas 
supply is required for each element The apparatus 
shown in Figure 6 thus comprises supply pipe 9. 



as in the apparatus of Figure 1, which is provided 
with a valve 10 but in this case valve 10 is a multi- 
position valve having a closed position and posi- 
tions supplying gas to each of the individual supply 

5 pipes 9a for each filter element As in the previous 
embodiment, valve 10 is controlled by control 
means 8 which, in this embodiment, includes a 
timer for operating valve 10 and initiating and ter- 
minationing regeneration of Ihe filter elements, as 

w will be described hereafter. 

The apparatus as shown in detail in Figure 4 is 
similar to that of Rgure 2 and like reference nu- 
merals are used for like parts, which will not be 
further described. The primary differences between 

T5 the apparatus shown in Rgure 4 and that shown in 
Rgure 2 are the electrical connection of the filter 
elements 23, which is most clearly shown in Figure 
5, and the configuration of components at the open 
outlet end 24 in relation to the supply of combus- 

20 tion supporting gas. In relation to the latter, the 
combustion supporting gas is supplied to each 
filter element 23 in a direction counter-current to 
the direction of flow of exhaust gases therethrough 
and the arrangement is such that supply of the 

25 combustion supporting gas to a filter element will 
effectively prevent flow of exhaust gases through 
the walls thereof. Thus by this arrangement the 
supply of combustion supporting gas to a filter 
element effectively serves the function of a valve or 

30 other means substantially preventing supply of ex- 
haust gases thereto while regeneration is taking 
place. 

More specifically, as shown in Rgure 4, the 
inner periphery of the opening in contact plate 30 

as and insulator 35 at the open end 24 of each filter 
element 23 is shaped to provide in this region a 
restriction in the flow cross section for exhaust 
gases. As shown, in this region the flow cross 
section progressively decreases and then progres- 

40 sively increases, insulator 35 having been axially 
extended relative to that of Rgure 2. Additionally 
the outlet end portion 50 of each pipe 9a providing 
combustion supporting gas to a respective filter 
element 23 has a generally bullet-shaped configu- 

45 ration, the axis of the bullet being aligned with the 
axis of the filter element and the outlet 51 for gas 
is directed along the axis of the element counter- 
current to the direction of flow of exhaust gases. 
The filter elements 23 are designed so that two 

so out of the three elements are sufficient to filter 
exhaust gases generated by the diesel engine at 
any one time and the period for regeneration of 
any one filter element is one third, or less than one 
third, of the time between each regeneration of a 

55 filter. 
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As regards the connection of the filter elements 
23 to the power supply, as shown in Figure 5 they 
are individually connectable through a multi-posi- 
tion switch 41, under the control of control means 
8, to the power supply 40. operation of switch 41 
being synchronised with operation of valve 10 as 
will be described hereafter. 

With the above described apparatus in use. at 
the point when a filter element 23 requires regen- 
eration, vaive 10 is moved to the position supplying 
combustion supporting gas to the related pipe 9a 
and at the same time switch 41 is moved to the 
position connecting the filter element to the power 
supply. Supply of the combustion supporting gas 
to the interior of the element has, as described 
above, the effect of substantially preventing flow of 
further exhaust gases through the element which 
then heats up to the point at which particles 
trapped thereby combust Since combustion is ex- 
othermic, the supply of power to the filter element 
may be cut off before combustion is complete, at 
the point at which combustion provides sufficient 
heat to be self supporting but the supply of com- 
bustion supporting gas is continued up to the end 
of the regeneration period. At that point valve 1 0 is 
moved to its closed position and the element re- 
sumes operation as a filtering element The control 
means 8 operates so that the filter elements 23 are 
regenerated sequentially so that at any one time at 
least two of the elements are operating as filter 
elements while the third may be subject to regen- 
eration. As previously mentioned, for convenience, 
the regeneration of the elements is controlled by a 
timer. It could alternatively be controlled by relative 
pressure as in the embodiment of Rgures 1 to 3 
but this would increase the cost of the apparatus. 

At the end of a period of use of the engine, 
when the engine is switched off the timer asso- 
ciated with control means 8 is also switched off 
and then re-started when the engine is re-started to 
ensure that sequential regeneration of the filter 
elements is maintained throughout the period of 
installation of filter apparatus in the exhaust system 
of the engine. 

It will be appreciated that, with larger fitter 
elements or reduced exhaust, only two filter ele- 
ments may be provided, the elements being regen- 
erated alternately. With smaller filter elements or to 
deal with larger quantities of exhaust, a greater 
number of filter elements may be provided. Where 
the regeneration time of any one filter element is in 
excess of the period of time between successive 
regenerations of any one filter element divided by 
the number of filter elements, the elements may 
then be electrically connected in groups with 
groups of elements being regenerated successive- 
ly. The electrical circuitry for such an arrangement 



is shown diagrammaticaily in Figure 7 in which 
each group of filter elements comprises two filter 
elements and the filtering apparatus comprises 
three groups in total. 

s In a modification of the above described ap- 

paratus, an exhaust gas by-pass for apparatus 4 
may be provided in effect as in the embodiment of 
Figure 1 with individual or a multiposition valve for 
controlling flow of exhaust gases either through the 

jo apparatus 4 or through the by-pass. However in 
this modification, the valves or multiposition valve 
are operated by the control means 8 under the 
control of a pressure detector sensing pressure 
within apparatus 4 either upstream or downstream 

75 of the filter elements with a view to bypassing the 
apparatus 4 only in the event of a malfunction of 
the apparatus 4. A malfunction resulting from in- 
sufficient regeneration of the filter elements would 
be indicated by an increase in pressure upstream 

20 of the elements or a decrease in pressure down- 
stream of the elements above or below respec- 
tively preset pressures. 

The above described filter elements 23 are 
made of randomly arranged fibres of silicon car- 

25 bide which provided tortuous paths for gases there- 
through. Preferably the silicon carbide fibres are 
hollow. Such a filter element may be made from a 
carbon fibre precursor which may for example be 
made in accordance with U.K. Patent No.1 600253 

30 from a fibrous element made in accordance with 
U.K. Patent No. 1503644. The fibrous material of the 
initial fibrous element may for example have a bulk 
density of 70 to 100 kg/m 3 . Such a carbon fibre 
element is heated in a furnace to a temperature of 

35 the order of 680°C. The furnace is evacuated and 
an inert gas, for example argon, is introduced to- 
gether with a reactant gas comprising 60% silane 
and 40% ethylene with a dopant comprising 1% 
phosphine in argon. Silicon carbide is thus depos- 

40 ited onto the carbon fibre element to provide a 
coating of silicon carbide, for example of the order 
of 8 microns thick, over the carbon fibres. The 
coated element is then heated to a temperature of 
about 800 °C to oxidise and thereby remove the 

45 carbon fibres to leave hollow silicon carbide fibres. 
The silicon carbon element is then subject to fur- 
ther heat treatment for example by heating the 
element in an inert atmosphere, for example of 
argon, at a temperature of about 1,350°C to pro- 

so vide the element with the required resistivity. 

The resulting element is then machined to pro- 
vide a filter element of the required dimensions and 
the ends of the filter element are treated, for exam- 
ple by flame spraying e.g. with stainless steel or 

55 Nichrome powder or wire, in order to reduce the 
contact resistance at the ends of the filter element 
between the fibres of the filter element and the 
contact plates 30.31. 
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The resulting filter element if annular, may 
have an outside diameter of 60 mm, an inside 
diameter of 52 mm and may be 120 mm long. 
Advantageously the resistance is of the order of 02 
to 2.0 ohms, the resistance selected depending on 
the voltage of the power supply to be connected to 
it 

A filter element as described above, is found to 
present a relatively small resistance to flow of 
gases, for example to create a backpressure of the 
order of or less than 10 ins water and has a high 
trapping efficiency of the order of 60 - 80%. As 
with known systems, it is considered that when the 
backpressure across a filter element partially 
clogged with particles reaches about 30 ins water, 
the filter element requires regeneration. 

Because the filter is itself heated to initiate 
combustion of the carbon or hydrocarbon particles, 
the power required and the duration of the supply 
of power for regeneration can be significantly re- 
duced as compared with known filtering apparatus. 

The filter element may include a catalyst for 
reducing the combustion temperature, normally 
600°C to 625°C, at which the carbon particles 
combust- The catalyst may be applied to the sur- 
face of the fibres or incorporated in the fibres of 
the element. The catalyst may. for example, com- 
prise a coating on the fibres of alumina or silica or 
a mixture of alumina and silica which may be 
applied by a washcoating or similar technique. 

Claims 

1. Apparatus for removing combustible par- 
ticles from a first gas comprising a housing (20) 
through which the first gas is caused to flow and 
having an inlet (21) for gas and an outlet (22) and, 
mounted within said housing, a filter element (23) 
through which in use the first gas will flow charac- 
terised in that the filter element (23) is made of 
electrically conductive material, and means (33, 
41) are provided for connecting said element (23) 
to an electrical power supply (40) for heating said 
element to a temperature at which the particles 
trapped thereby will combust for regeneration of 
said element 

2. Apparatus as claimed in claim 1, charac- 
terised by means (5; 50) for at least substantially 
reducing the flow of the first gas through said 
element (23) when connected to the power supply. 

3. Apparatus as claimed in claim 2. charac- 
terised in that said means for substantially reducing 
flow of the first gas through said element com- 
prises a valve (5) connected to said inlet (22) of 
said housing (20) for controlling flow of gas to said 
inlet 



4. Apparatus as claimed in claim 3. charac- 
terised in that said valve (5) is arranged so that in 
the closed condition thereof a reduced flow of gas 
enters said housing for providing sufficient oxygen 

5 to support combustion. 

5. Apparatus as claimed in any one of the 
preceding claims, characterised by means (9, 10) 
for supplying an auxiliary combustion supporting 
gas to said housing (20) when said element is 

70 connected to the electrical power supply. 

6. Apparatus as claimed in claim 5, charac- 
terised by control means (8) for controlling said 
means for substantially reducing the flow of first 
gas through said element and for supplying said 

75 auxiliary gas to said housing and for connecting 
said element to an electrical power supply. 

7. Apparatus as claimed in either claim 5 or 
claim 6, characterised in that said auxiliary gas 
supply means (9, 10, 50) is arranged so that said 

20 supply of said auxiliary gas thereby will substan- 
tially prevent the first gas flowing through said 
element to thereby provide said means for at least 
substantially reducing the flow of first gas through 
said element 

25 8. Apparatus as claimed in any one of the 

preceding claims, characterised in that said ele- 
ment (23) is generally cylindrical and comprises an 
annular wall and is arranged in said housing so that 
the first gas will flow substantially radially through 

30 said wall thereof. 

9. Apparatus as claimed in claim 8, charac- 
terised in that said element is arranged in said 
housing so that the first gas will flow substantially 
radially through said wall thereof from the exterior 

35 to the interior thereof. 

10. Apparatus as claimed in claim 9. charac- 
terised by means (31) closing one end (25) of said 
element (23). the other end (24) being open to 
permit the first gas to flow from the interior thereof 

40 to the outlet (22) of said housing (20). 

11. Apparatus as claimed in claim 10. charac- 
terised in that said auxiliary gas supply means (9. 
10) comprises an outlet portion (50) which is ar- 
ranged in the region of said open end (24) of said 

45 element (23) for directing auxiliary gas into the 
interior of said element 

12. Apparatus as claimed in claim 11. charac- 
terised in that in the region of said open end (24) of 
said element (23). the flow path for gas therefrom 

so is shaped relative to said outlet portion (50) of said 
auxiliary gas supply means so that supply of auxil- 
iary gas to the interior of said element substantially 
prevents flow of said first gas through said ele- 
ment 

55 13. Apparatus as claimed in either of claim 11 

or claim 12. characterised in that in the region of 
said open end (24) of said element (23). said flow 
path for gas therefrom is reduced relative to the 
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flow path in said interior of said element said 
reduction being progressive in the direction of flow 
of said first gas from said element and said flow 
path progressively widening downstream of said 
reduction. 5 

14. Apparatus as claimed in claim 13. charac- 
terised in that said outlet portion (50) of said auxil- 
iary gas supply means is arranged substantially 
centrally in said region of said open end (24) of 

said element (23) to direct the auxiliary gas axiaily io 
into the interior of said element and has a generally 
bullet-shaped exterior profile. 

15. Apparatus as claimed in any one of the 
preceding claims, characterised in that a plurality 

of said elements (23) are mounted in said housing 75 
for simultaneous flow of gas therethrough. 

16. Apparatus as claimed in any one of claims 
10 to 14. characterised in that said housing is 
provided with a wall (26) separating the interior 
thereof into an inlet chamber (27) and an outlet 20 
chamber (28), and a plurality of said filter elements 

are mounted on said wail (26) with their open ends 
(24) aligned with openings in said wall and extend- 
ing within said inlet chamber. 

17. Apparatus as claimed in either claim 15 or 25 
claim 16. characterised in that said means for con- 
necting said elements (23) to an electrical power 
supply comprise switch means (41 ) for connecting 

said elements sequentially to an electrical power 
supply. 30 

18. Apparatus as claimed in either claim 15 or 
claim 16. characterised in that said means for con- 
necting said elements (23) to an electrical power 
supply comprise means for connecting said ele- 
ments in parallel in groups thereof and switch 35 
means (41) for connecting each group of elements 
sequentially to an electrical power supply. 

19. Apparatus as claimed in either claim 15 or 
claim 16. characterised in that said means for con- 
necting said elements (23) to an electrical power 40 
supply comprise means connecting said elements 

in parallel and switch means (41) for connecting 
said elements simultaneously to a power supply. 

20. Apparatus as claimed in any one of the 
preceding claims, characterised in that the element 45 
(23) is made of randomly arranged fibres of elec- 
trically conductive material. 

21. Apparatus as claimed in claim 20. charac- 
terised in that said fibres comprise silicon carbide. 

22. Apparatus as claimed in claim 21, charac- so 
tensed in that said fibres are hollow. 

23. Apparatus as claimed in any one of claims 
20 to 22. characterised in that the fibres are coated 
with alumina, silica or a mixture of alumina or silica. 

24. Apparatus as claimed in any one of claims 55 
20 to 23. characterised in that the or each element 
includes a catalyst for reducing the combustion 
temperature of the combustible particles. 
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